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The Black Sea and Caucasus regions (Fig. 1) have a
plex geological history (Adamia et al., 1981, 2011;
Barrier and Vrielynck, 2008; Dercourt et al., 1986; Finetti
et al., 1988; Khain, 1974; Nikishin et al., 1998, 2015;
Robinson et al., 1996; Saintot and Angelier, 2002; Saintot
et al., 2006; Stampﬂi et al., 2001; Stephenson and Schellart,
2010; Zonenshain and Le Pichon, 1986), which is well
attested to by their contrasting topography: while the
Black Sea is a 2245-m-deep ‘‘marine’’ basin, the Caucasus is
a mountain belt with peaks as high as 5642 m (in the
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A B S T R A C T
We report new observations in the eastern Black Sea-Caucasus region that allow
reconstructing the evolution of the Neotethys in the Cretaceous. At that time, the
Neotethys oceanic plate was subducting northward below the continental Eurasia plate.
Based on the analysis of the obducted ophiolites that crop out throughout Lesser Caucasus
and East Anatolides, we show that a spreading center (AESA basin) existed within the
Neotethys, between Middle Jurassic and Early Cretaceous. Later, the spreading center was
carried into the subduction with the Neotethys plate. We argue that the subduction of the
spreading center opened a slab window that allowed asthenospheric material to move
upward, in effect thermally and mechanically weakening the otherwise strong Eurasia
upper plate. The local weakness zone favored the opening of the Black Sea back-arc basins.
Later, in the Late Cretaceous, the AESA basin obducted onto the Taurides–Anatolides–
South Armenia Microplate (TASAM), which then collided with Eurasia along a single
suture zone (AESA suture).
 2015 Acade´mie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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M. Sosson et al. / C. R. Geoscience 348 (2016) 23–3224Greater Caucasus). This makes the region overall a
landmark feature of Eurasia (Forte et al., 2010, 2013;
Mosar et al., 2010; Ross et al., 1974; Starostenko et al.,
2004). The Black Sea and Caucasus belong to the Alpine
belt (s.l.) and their formation is related to the closure of the
Neotethys Ocean (Barrier and Vrielynck, 2008; Dercourt
et al., 1986; Stephenson and Schellart, 2010; Zonenshain
and Le Pichon, 1986). The northward subduction of the
Neotethys oceanic plate under the Eurasian continental
plate is attested to by the arc-type magmatic products that
are found on the Eurasian southern margin from Moesia in
the west to the Lesser Caucasus in the east, passing through
Crimea and Pontides (Fig. 1; Adamia et al., 1981;
Lordkipanidze et al., 1989; Meijers et al., 2010; Okay
and Nikishin, 2015; Robinson et al., 1996). Subduction
started in the Middle Jurassic. The Neotethys oceanic plate
was entirely subducted from Late Cretaceous to Early
Paleocene in the east (region of Lesser Caucasus; Ha¨ssig
et al., 2015; Rolland et al., 2012; Sosson et al., 2010) and
from Paleocene to Eocene in the west (region of Pontides;
Fig. 1. Structural sketch map of the Black Sea-Caucasus region in the general framework of the Middle East.
Modiﬁed from Sosson et al., 2010.
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M. Sosson et al. / C. R. Geoscience 348 (2016) 23–32 25urt et al., 2014; Lefebvre et al., 2013; Okay and Nikishin,
5; Robertson et al., 2014; Sengo¨r et al., 2003). From
se times on, the northward convergence of the
tethys plate led to the collision of continental
roplates (two principal ‘‘continental blocks’’, the
rides–Anatolides–South Armenia Microplates or
AM, and the Kirsehir block) with the Eurasian plate
. 1). Therefore, the subduction process of the Neotethys
anic plate has been operating for about 100–120
lion years. Such a long duration is supported by the
onstruction of the Neotethys domain derived from
eomagnetic and paleogeographic data (e.g., Barrier and
elynck, 2008). These reconstructions additionally sug-
t that in late Early Jurassic (Toarcian), the approximate
anic plate width between Gondwana and Laurasia was
most 3000 km. The long-living subduction process is
 attested to by the tomographic images that were
ained beneath Eurasia and Anatolia. These images
eal an important accumulation of cold lithosphere on
 top of the lower mantle and within it (at a depth from
 to 660 km; Faccenna et al., 2006; Lei and Zhao, 2007;
kman, 1991; Zor, 2008), which is interpreted as a
nant of the Neotethys slab. The Neotethys slab would
s have sustained break off.
During the long Neotethys subduction process, several
ains formed in back-arc positions within the Eurasia
te, mainly the Greater Caucasus basin that opened in
ly–Middle Jurassic (no oceanic crust was formed
ever; Adamia et al., 1981, 2011; Barrier and Vrielynck,
8; Dercourt et al., 1986; Khain, 1974), and the western
 eastern Black Sea basins that opened during the
taceous and/or Cenozoic (Yegorova and Gobarenko,
0; Cloetingh et al., 2003; Finetti et al., 1988; Khriacht-
vskaia et al., 2010; Letouzey et al., 1977; Okay et al.,
4, 2013; Robinson et al., 1996; Spadini et al., 1996;
phenson and Schellart, 2010; Vincent et al., 2005;
enshain and Le Pichon, 1986). Various scenarios have
n proposed to explain the opening of the Black Sea
ins (e.g., Okay et al., 1994, 2013; Stephenson and
ellart, 2010), but their origin is still unclear. One reason
at the nature of the Black Sea is not so well understood.
y was the Black Sea preserved as a basin in a region that
rywhere sustained compression and collision from the
e Cretaceous to the Eocene?
We argue here that the Cretaceous period holds some of
 information that is needed to understand the Black
’s origin and evolution. We thus focus on this period.
In the last decade, major research programs (such as
BE: ‘‘Middle East Basins Evolution’’ and DARIUS) have
n launched to acquire new data on stratigraphy,
tonics, paleomagnetism, petrology, geochemistry, geo-
onology, deep Earth structure (seismic images), and in
t framework, our group worked especially in the region
th of the eastern Black Sea Basin (Crimea), in the
ater Caucasus (Georgia and Azerbaijan), and in the
ser Caucasus (Armenia, Azerbaijan and Georgia). The
 data and results have signiﬁcantly upgraded our
wledge of the tectonic evolution, geodynamic process-
and the timing and style of deformation. We sum up
e of these new results here, and we use them along
h prior knowledge to propose reconstruction scenarios
of the Neotethys domain, with particular attention to the
opening of the Black Sea.
2. New insights from studies of ophiolitic units
Ophiolites along the present suture zone that marks the
closure of the Neotethys ocean (the ‘‘Ankara–Erzincan–
Sevan–Akera suture zone’’ or AESA, Fig. 1) attest to the
existence of a back-arc basin (the ‘‘AESA basin’’) within the
northern branch of the Neotethys (e.g., Ha¨ssig et al., 2013b
and Robertson et al., 2014 for a review). The AESA basin
formed from Middle Jurassic to Late Cretaceous above and
as a result of an intra-oceanic subduction zone within the
Neotethys (Rolland et al., 2009a, 2010; Sosson et al., 2010).
That intra-oceanic subduction was dipping north.
More recently in the Lesser Caucasus, our further
analyses of the ophiolitic units along the AESA suture have
revealed the existence of ophiolites of Jurassic age at many
sites along the suture. These Jurassic ophiolites are
magmatic rocks of back-arc geochemistry tendencies (E-
MORB), covered by OIB of Early Cretaceous age (Galoyan
et al., 2009; Ha¨ssig et al., 2014; Robertson et al., 2014;
Rolland et al., 2009b, 2010). We also found radiolarites and
pelagic carbonates mixed with the ophiolites. Those have a
Middle Jurassic to Late Cretaceous age (Danelian et al.,
2012, 2014, 2015). They overlie ultrabasic, basic, and
plagiogranitic rocks, and some of them are interbedded
with basaltic and volcanoclastic layers. These additional
ﬁndings suggest that the back-arc oceanic basin remained
well preserved from the Mid Jurassic to the Late Cretaceous
interval.
From Anatolia to the Lesser Caucasus and then to NW-
Iran, ophiolitic units attributed to the oceanic back-arc
basin form a 700-km-long and 200-km-wide nappe. These
now obducted ophiolites have an age of 150–170 Ma
(Avagyan et al., 2015; C¸elik et al., 2011; Galoyan et al.,
2009; Ha¨ssig et al., 2013a, 2013b; Rolland et al., 2009a;
Sosson et al., 2010; Topuz et al., 2013a, 2013b). This age is
found similarly along the 700-km-long ophiolitic zone,
which suggests that the oceanic crust was formed from a
spreading center whose axis was parallel to the intra-
oceanic subduction zone (Ha¨ssig et al., 2015), and hence
likely trending NW–SE. As said earlier, we also found
evidence for large amounts of Lower Cretaceous OIB
magmatism. Ha¨ssig et al. (2015) have suggested that this
important magmatism might have warmed the existing
Middle Jurassic oceanic lithosphere of the back-arc Basin,
which in turn possibly modiﬁed its rheological and
mechanical properties.
Taken together, these results therefore suggest that,
south of Eurasia, in the northern Branch of the Neotethys,
an intra-oceanic north-dipping subduction was operating
from the Middle Jurassic to the Late Cretaceous and
induced the opening of a back-arc basin (the AESA basin)
ﬂoored with oceanic crust. The present AESA suture zone
marks the closure of both the Neotethys and its internal
AESA back-arc basin. It seems that signiﬁcant intraplate
magmatism (hot spots or oceanic plateau) occurred in the
Early Cretaceous, and reheated the southern part of the
AESA back-arc basin, possibly modifying its mechanical
properties (Okay et al., 2013; Rolland et al., 2009a).
lites are obducted over the southern Armenian
our group).
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casus
To better understand the evolution of the Black Sea–
casus region during the Cretaceous, we built a 400-km
logical transect that crosses the AESA suture zone (Fig. 2).
ervations along this transect reveal the following points:
iddle Jurassic to Upper Cretaceous arc-related volca-
ites are well exposed on the transect, all along the
urasian margin (Fig. 2; Adamia et al., 1981; Sosson et al.,
010);
e obduction of the AESA back-arc basin onto the
aurides–Anatolides–South Armenia Microplate (TASAM)
ccurred since the Cenomanian (Danelian et al., 2014) and
ntinued for part of the Coniacian–Santonian interval
8–83 Ma; Sosson et al., 2010). This obduction followed a
eriod when the oceanic lithosphere of the AESA basin
as reheated by subsequent magmatism (Ha¨ssig et al.,
013a, 2013b, 2014, 2015);
on after the obduction ( 83 Ma), the north–south
istance between the eastern TASAM (of Gondwanan
rigin) and the Eurasian margin was at most 1000 km
eijers et al., 2015). Therefore, remnants of the oceanic
ESA Basin still existed between TASAM and Eurasia
uring the Late Cretaceous (Fig. 2);
e collision of TASAM with Eurasia occurred between
e Latest Cretaceous and the Mid Eocene (74–40 Ma)
olland et al., 2010, 2012; Sosson et al., 2010). This is
specially evidenced by the pronounced late Middle
ocene unconformity that is found in the two continental
lates and in the suture zone (Figs. 2 and 3);
 only one suture zone exists in the Lesser Caucasus whose
eastward continuation extends in the Anatolides (Ha¨ssig
et al., 2013a, 2013b; Sosson et al., 2010) (Fig. 2). The
suture section in the Lesser Caucasus belongs to the AESA
suture zone. Therefore, it is genetically related to the
northern branch of the Neotethys;
 the foreland basins of the Lesser and Greater Caucasus
can also be observed along the transect (Fig. 2). They are
of Paleocene–Miocene age and result from the deﬁnitive
closure of the Neotethys, which was marked, ﬁrst by the
collision of the continental TASAM with Eurasia, then by
the collision of Arabia with Eurasia (Fig. 2). Observations
along the transect show that:
 erosion started in the Eocene in the Greater Caucasus
(e.g., Mosar et al., 2010),
 the Paleocene–Eocene Adjara–Trialeti basin within the
Eurasian margin was tectonically inverted during
Oligo-Miocene,
 deformations further north started later, in the Late
Eocene, and from then on, migrated northwards from
the Lesser Caucasus to the Greater Caucasus (Adamia
et al., 2011, 2015; Alania et al., 2015) (Fig. 2).
In the following, we will use these new results as a basis
to discuss the relationships between Neotethys and
Eurasia in the Caucasus region during the Cretaceous.
4. Rifting characteristics in eastern Black Sea Basin
The Black Sea basin is classically interpreted as a
back-arc basin that formed within the Eurasian plate on
top of the Neotethys subduction (Cloetingh et al., 2003;
3. Photography of the late Middle Eocene unconformity on top of the folded Upper Devonian series from the southern Armenia Microplate (Arpi region,
enia). This unconformity is found throughout Eurasia, suture zone and Taurides–Anatolides–South Armenian Microplate (TASAM) (see cross section on2).
M. Sosson et al. / C. R. Geoscience 348 (2016) 23–3228Okay et al., 1994; Robinson et al., 1996; Spadini et al.,
1996). Rifting is considered to have initiated in Early–
Middle Cretaceous (Go¨ru¨r, 1988; Finetti et al., 1988;
Hippolyte et al., 2010; Nikishin et al., 2013, 2015;
Stephenson and Schellart, 2010) or Paleocene–Eocene
(Cloetingh et al., 2003; Robinson et al., 1996). Another
common assumption is that rifting was induced by slab
roll back (Stephenson and Schellart, 2010), and occurred
along an axis parallel to the subduction zone, i.e., about
east–west (Barrier and Vrielynck, 2008; Stephenson and
Schellart, 2010; Fig. 4). However, the NW–SE normal
faults that formed during the rifting of the eastern Black
Sea (Go¨ru¨r, 1988; Nikishin et al., 2010; Stovba et al.,
2013) have a trend that is not consistent with the
orientation of the subduction zone. Furthermore, recent
observations in the Crimean Mountains have revealed
the existence of north–south to NNW–SSE-trending
normal faults of Early Cretaceous age, and hence likely
related to the eastern Black Sea rifting (Hippolyte et al.,
2014; Sheremet et al., 2014, 2015). Therefore, rifting in
the eastern Black Sea occurred along an axis that was
oblique to the subduction trench.
5. Paleotectonic reconstruction of the Black Sea-
Caucasus region during the Cretaceous
Taking into account the observations presented above, we
propose a scenario that describes the tectonic evolution of
the Black Sea–Caucasus region during the Cretaceous (Fig. 4).
In Late Jurassic–Early Cretaceous times (Fig. 4, Tithonian and
Aptian), the Eurasia continental lithosphere plate was
rheologically strong (Cloetingh et al., 2003; Stephenson
and Schellart, 2010), bounded to the south by an active
subduction zone, allowing the Neotethys oceanic plate to
subduct northward below Eurasia. A secondary intra-oceanic
subduction zone was active within the Neotethys plate, and
this intra-oceanic subduction induced the opening of the
AESA back-arc basin. That basin was then led progressively
into subduction beneath the Eurasia plate. As a result, the
NW–SE-trending spreading center of the back-arc basin was
also subducted beneath Eurasia. The oceanic spreading
center moved along and entered in the trench progressively
from west to east. Southward, the Middle Jurassic lithosphere
of the AESA basin was reheated by hot spot and/or oceanic
plateau magmatism (Fig. 4, Aptian).
Fig. 4. Reconstruction of the Back Sea-Caucasus region from the Tithonian to the Early Paleocene. AESA: Ankara–Erzincan–Sevan–Akera basin; TASAM:
Taurides–Anatolides–South Armenian Microplate; K; Kirsehir block; SR: Shatski Ridge; MBSR: Middle Black Sea Ridge; EBSA: Eastern Black Sea Axis; AESASC: Ankara-Erzincan–Sevan–Akera spreading center; AESA SZ: Ankara–Erzincan–Sevan–Akera Suture Zone; TTL: Tornquist–Teisseyre Line.
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M. Sosson et al. / C. R. Geoscience 348 (2016) 23–32 29In this scenario, the question remains as to what
dynamic processes might have produced the opening
he Black Sea basins during the Early Cretaceous.
Stephenson and Schellart (2010) have suggested that
 opening of the Black Sea basins might have resulted
 an asymmetric counterclockwise slab roll back; this
uld open an asymmetric back-arc basin within a strong
osphere, and explain the opening of the western Black
 basin before that of the eastern Black Sea basin. But,
 scenario, as many others, does not take into account
 thermal particularities of the subducting Neotethys
te.
Therefore, we suggest here that the opening of the
ck Sea was enhanced by the subduction of the AESA
eading center. There is no evidence of relics of
eading center rock assemblages in the ophiolitic nappe
ucted onto TASAM, which implies that the AESA
eading center subducted entirely beneath Eurasia. The
duction of a spreading center has important conse-
nces, especially in that it opens a ‘‘window’’ into the
ducting slab (e.g., Dickinson and Snyder, 1978;
ome and Thorkelson, 2009; Thorkelson, 1996). The
 window allows upward motion of asthenospheric
terial, which, in turn, may increase the temperature in
 upper lithospheric plate, and weaken the upper plate
h thermally and mechanically. In these conditions, the
 retreat would have occurred more easily behind the
akened upper plate (Billen, 2008; Thorkelson, 1996), as
wn in kinematic and thermo-mechanical models
len, 2008; Groome and Thorkelson, 2009). We thus
gest that the subduction of the AESA spreading center
s the major factor, which induced the opening of the
ck Sea. The orientation of the subducted  NW-
ding AESA spreading axis well explains the trend of
 rifting axis of the eastern Black Sea, as the trend of the
mal faults which bound the Shatsky ridge (Fig. 1) and
 orientation of the Mid-Black Sea High (Fig. 1), both are
cs of a Jurassic platform that was disrupted during the
ing. All these features related to the eastern Black Sea
ing are oblique to the trench. Additional evidence
sts for the subduction of the AESA spreading center;
st were described by Okay et al. (2013) and Hippolyte
l. (2015) in the Pontides:
 gap in magmatic arc activity in Early Cretaceous;
 Lower Cretaceous low-grade metamorphism event in
ntral Pontides (C¸angaldag˘ Complex);
e uplift and erosion of the Pontides after the
auterivian (during the Mid Cretaceous).
The ﬁrst two points reveal the existence of thermal
malies (absence of arc magmatism and high tempera-
e metamorphism), as expected in a plate immediately
ve a slab window (e.g., Groome and Thorkelson, 2009;
rkelson, 1996). Uplift is also consistent with the
chanical response of a warmed upper plate. The
tides region thus holds the potential to reveal further
dence of the subduction of the AESA spreading center.
Our observations and interpretations therefore suggest
t the Late Cretaceous was a time of profound changes in
the Black Sea-Caucasus region (Fig. 4, Campanian). The
major ‘‘events’’ included:
 in the south, the northward subduction of the Neotethys
beneath Eurasia;
 the reheating and hence weakening of the Middle
Jurassic AESA back-arc basin lithosphere by subsequent
hot spot or plateau magmatism during Early Cretaceous.
This weakening favored the obduction of the AESA Basin
onto TASAM (Fig. 4, Campanian). Later, the oceanic litho-
sphere remnants located further south disappeared in the
northern subduction zone, up to a time when the collision
started between TASAM and Eurasia (from Latest Cretaceous
to Eocene, from east to west, respectively; Fig. 4. Early
Paleocene; e.g., Robertson et al., 2014; Sosson et al., 2010).
6. Conclusion
Along with prior results, the new observations we have
reported here allowed us to propose a novel scenario for
the Neotethys domain in the Cretaceous and its subduction
below the continental Eurasia plate. A major feature of this
scenario is the existence, well documented in the obducted
ophiolites that are found in the Lesser Caucasus and the
East Anatolides, of a spreading center, the AESA basin,
within the Neotethys. Later, the spreading center was
carried into the subduction of the Neotethys. We argue
that the subduction of the spreading center produced a
slab window that allowed the asthenospheric material to
move upward, in effect weakening thermally and me-
chanically the Eurasia upper plate. The existence of a local
weakness zone within the otherwise strong Eurasia plate
favored the opening of the Black Sea back-arc basins. Later,
during the Late Cretaceous, the AESA basin obducted onto
the TASAM microplate. Then the collision of TASAM
occurred with Eurasia, altogether mixing the two
source-ophiolites into a single suture zone (the AESA
suture) between TASAM and Eurasia.
The new reconstruction of the Neotethys in the
Cretaceous that we propose should be taken into account
in the future, more global paleoreconstructions of the
entire Tethys Realm. Furthermore, the possibility of a slab
window should to be taken into account in thermo-
mechanical modeling of the Black Sea opening.
Acknowledgments
This paper has been written in tribute to my colleague
and friend Jean-Franc¸ois Ste´phan, who much motivated
this work and followed it step by step. Speaking personally
as the primary author, Jean-Franc¸ois supported and
enriched my scientiﬁc work over my whole career. We
spent years as ofﬁce neighbors in Geoazur, and I thus had
the great privilege to discuss science with Jean-Franc¸ois
almost every day. I will never forget the great colleague
and the even greater friend he was for me.
These works were supported by the ‘‘Groupement De
Recherche International’’ Ge´osciences Sud Caucase of the
CNRS\INSU and also by the MEBE and DARIUS Programs.
M. Sosson et al. / C. R. Geoscience 348 (2016) 23–3230The authors would like to thank the two reviewers of
this paper, Invited Associate Editor Bernard Mercier de
Le´pinay, and Associate Editor Isabelle Manighetti, who
signiﬁcantly improved the synopsis and the English
writing of the paper.
References
Adamia, S.A., Chkhotua, T., Kekelia, M., Lordkipanidze, M., Shavishvili, I.,
Zakariadze, G., 1981. Tectonics of Caucasus and adjoining regions:
implications for the evolution of the Tethys ocean. J. Struct. Geol. 3,
437–447.
Adamia, S.A., Zakariadze, G., Chkhouta, T., Sadradze, N., Tsereteli, N.,
Chabukiani, A., Gventsadze, A., 2011. Geology of the Caucasus: a
review. Turk. J. Earth Sci. 20, 489–544.
Adamia, S.A., Chkhotua, T.G., Gavtadze, T.T., Lebanidze, Lursmanashvili,
N.D.L., Sadradze, N.G., Zakaraia, D.P., Zakariadze, G.S., 2015. Tectonic
setting of Georgia–eastern Black Sea: a review. In: Sosson, M., Ste-
phenson, R., Adamia, S. (Eds.), Tectonic evolution of the Black Sea and
Caucasus. Geol. Soc. London, Special Publication 428, http://
dx.doi.org/10.1144/SP428.6.
Alania, V., Chabukiani, A.O., Chagelishvili, R.L., Enukidze, O.V., Gogrichiani,
K.O., Razmadze, A.N., Tsereteli, N.S., 2015. Growth structures, piggy-
back basins and growth strata of the Georgian part of the Kura
foreland fold–thrust belt: implications for Late Alpine kinematic
evolution. In: Sosson, M., Stephenson, R.A., Adamia, S.A. (Eds.), Tec-
tonic Evolution of the Eastern Black Sea and Caucasus. Geol. Soc.
London, Spec. Publ. 428 , http://dx.doi.org/10.1144/SP428.5.
Avagyan, A., Sosson, M., Philip, M.H., Karakhanian, A., Rolland, Y., Melko-
nyan, R., Rebai, S., Davtyan, V., 2005. Neogene to Quaternary stress
ﬁeld evolution in Lesser Caucasus and adjacent regions using fault
kinematics analysis and volcanic cluster data. Geodinamica Acta 18,
401–416.
Avagyan, A., Sosson, M., Karakhanian, A., Philip, H., Rolland, Y., Melkon-
hyan, R., Davtyan, Y., 2010. Recent stress ﬁeld evolution in the Lesser
Caucasus and adjacent regions, In: Sosson, M., Kaymakci, N., Stephen-
son, R., Bergerat, F., Starostenko, V. (Eds.), Sedimentary Basin Tecton-
ics from the Black Sea and Caucasus to the Arabian Platform. Geol. Soc.
London, Spec. Publ. 340, 393–409, http://dx.doi.org/10.1144/
SP340.17.
Avagyan, A., Shahidi, M., Sosson, L., Sahakyan, Gh., Galoyan, C., Muller, T.,
Danelian, K.B., Firouzi, D., Bosch, O., Bruguier, M., Mkrtchyan, S.,
Vardanyan, 2015. New insights on structure and geodynamic of Khoy
region (NW Iran). In: Sosson, M., Stephenson, R.A., Adamia, S.A. (Eds.),
Tectonic evolution of the Eastern Black Sea and Caucasus. Geol. Soc. of
London, Spec. Publ. 428 (In print).
Barrier, E., Vrielynck, B., 2008. Palaeotectonic Map of the Middle East,
Atlas of 14 Maps, Tectonosedimentary-Palinspastic Maps from Late
Norian to Pliocene. Commission for the Geologic Map of the World
(CCMW, CCGM), Paris.
Billen, M., 2008. Modeling the dynamics of Subducting Slabs, Magali
Billen. Ann. Rev. Earth Planet. Sci. 36, 325–356.
C¸elik, O¨.F., Marzoli, A., Marschik, R., Chiaradia, M., Neubauer, F., O¨z, I.,
2011. Early–Middle Jurassic intra-oceanic subduction in the I˙zmir-
Ankara-Erzincan Ocean, Northern Turkey. Tectonophysics 509,
120–134.
Cloetingh, S., Spadini, G., Van Wees, J.D., Beekman, F., 2003. Thermo-
mechanical modelling of the Black Sea Basin (de)formation. Sedi-
ment. Geol. 156, 169–184.
Danelian, T., Asatryan, G., Galoyan, G., Sosson, M., Sahakyan, L., Caridroit,
M., Avagyan, A., 2012. Geological history of ophiolites in the Lesser
Caucasus and correlation with the Izmir-Ankara-Erzincan suture
zone: insights from radiolarian biochronology. In: Danelian, T., Gori-
cˇan, S. (Eds.), Radiolarian biochronology as a key to tectono-strati-
graphic reconstructions. Bull. Soc. geol. France 183, 331–342.
Danelian, T., Zambetakis-Lekkas, A., Galoyan, G., Sosson, M., Asatryan, G.,
Hubert, B., Grigoryan, A., 2014. Reconstructing Upper Cretaceous
(Cenomanian) paleoenvironments in Armenia based on Radiolaria
and benthic Foraminifera; implications for the geodynamic evolution
of the Tethyan realm in the Lesser Caucasus. Palaeogeogr. Palaeocli-
matol. Palaeoecol. 413, 123–132.
Danelian, T., Asatryan, G., Galoyan, G., Sahakyan, L., Stepanyan, J., 2015.
Radiolarian age constraints for submarine and subaerial volcanic
activity in the oceanic realm of the Amasia ophiolite (NW Armenia),
at the junction between the Izmir-Ankara and Sevan-Hakari suture
zones. Int. J. Earth Sci. (Geologische Rundschau) (doi:1007/s00531-
Dercourt, J., Zonenschain, L.P., Ricou, L.-E., Kazmin, V.G., Le Pichon, X.,
Knipper, A.L., Grandjacquet, C., Sbortshikov, I.M., Geyssant, J., Lepvir,
C., Pechersky, D.H., Boulin, J., Sibuet, J.-C., Savostin, L.A., Sorokhtin, O.,
Westphal, M., Bazhenov, M.L., Lauer, J.-P., Biju-Duval, B., 1986. Geo-
logical evolution of the Tethys belt from the Atlantic to the Pamirs
since the Lias. Tectonophysics 123, 241–315.
Dickinson, W.R., Snyder, W.S., 1978. Geometry of subducted slabs related
to San Andreas transform. J. Geol. 87, 609–927.
Espurt, N., Hippolyte, J.C., Kaymakci, N., Sangu, E., 2014. Lithospheric
structural control on inversion of the southern margin of the Black Sea
Basin, Central Pontides, Turkey. Lithosphere 6 (1), 26–34, http://
dx.doi.org/10.1130/L316.1.
Faccenna, C., Bellier, O., Martinod, J., Piromallo, C., Regard, V., 2006. Slab
detachment beneath eastern Anatolia: a possible cause for the for-
mation of the North Anatolian fault. Earth Planet. Sci. Lett. 242 (2006),
85–97.
Finetti, I., Bricchi, G., Del Ben, A., Pipan, M., Xuan, Z., 1988. Geophysical
study of the Black Sea. Boll. Geoﬁs. Appl. 30, 197–324.
Forte, A.M., Cowgill, E., Bernardin, T., Kreylos, O., Hamann, B., 2010. Late
Cenozoic deformation of the Kura fold-thrust belt, southern Greater
Caucasus. GSA Bull. 122 (3/4), 465–486, http://dx.doi.org/10.1130/
B26464.1.
Forte, A.M., Cowgill, E., Murtuzayev, I., Kangarli, T., Stoica, M., 2013.
Structural geometries and magnitude of shortening in the eastern
Kura fold-thrust belt, Azerbaijan: implications for the development of
the Greater Caucasus Mountains. Tectonics 32, 688–717, http://
dx.doi.org/10.1002/tect.20032.
Galoyan, G., Rolland, Y., Sosson, M., Corsini, M., Billo, S., Verati, C.,
Melkonian, R., 2009. Geology, geochemistry and 40Ar/39Ar dating of
Sevan ophiolites (Lesser Caucasus, Armenia): Evidence for Jurassic
Back-arc opening and hot spot event between the South Armenian
Block and Eurasia. J. Asian Earth Sci. 34, 135–153.
Go¨ru¨r, N., 1988. Timing of opening of the Black Sea Basin. Tectonophysics
147, 247–262.
Groome, W.G., Thorkelson, D.J., 2009. The three dimensional thermo-
mechanical signature of ridge subduction and slab window migra-
tion. Tectonophysics 464, 70–83, http://dx.doi.org/10.1016/
j.tecto.2008.07.003.
Ha¨ssig, M., Rolland, Y., Sosson, M., Galoyan, G., Mu¨ller, C., Avagyan, A.,
Sahakyan, L., 2013a. New structural and petrological data on the
Amasia ophiolites (NW Sevan-Akera suture zone, Lesser Caucasus):
insights for a large-scale obduction in Armenia and NE-Turkey.
Tectonophysics 588, 135–153.
Ha¨ssig, M., Rolland, Y., Sosson, M., Galoyan, G., Sahakyan, L., Topuz, G.,
C¸elik, O¨.F., Avagyan, A., Mu¨ller, C., 2013b. Linking the NE Anatolian
and Lesser Caucasus ophiolites: evidence for large-scale obduction of
oceanic crust and implications for the formation of the Lesser Cau-
casus-Pontides Arc. Geodinamica Acta 26, 311–330.
Ha¨ssig, M., Rolland, Y., Sahakyan, L., Sosson, M., Galoyan, G., Avagyan, A.,
Bosch, D., Mu¨ller, C., 2014. Multi-stage metamorphism in the South
Armenian Block during the Late Jurassic to Early Cretaceous: tectonics
over south-dipping subduction of Northern branch of Neotethys. J.
Asian Earth Sci. 102, 4–23, http://dx.doi.org/10.1016/j.jseaes.2014.
07.018.
Ha¨ssig, M., Rolland, Y., Sosson, M., 2015. From sea-ﬂoor spreading to
obduction: Jurassic-Cretaceous evolution of the northern branch of
the Neotethys in north-eastern Anatolian and Lesser Caucasus
regions. In: Sosson, M., Stephenson, R.A., Adamia, S.A. (Eds.), Tectonic
Evolution of the Eastern Black Sea and Caucasus. Geol. Soc., London,
Spec. Publ. 428, (In press).
Hippolyte, J.-C., Muller, C., Kaymakci, N., Sangu, E., 2010. Dating of the
Black Sea Basin: new nannoplankton ages from its inverted margin in
the central Pontides (Turkey). In: Sosson, M., Kaymakci, N., Stephen-
son, R.A., Bergerat, F., Starostenko, V. (Eds.), Sedimentary Basin Tec-
tonics from the Black Sea and Caucasus to the Arabian Platform. Geol.
Soc. London, Spec. Publ. 340, 113–136, http://dx.doi.org/10.1144/
SP340.7.
Hippolyte, J.-C., Murovskya, A., Mu¨ller, C., Volfman, Y., Yegorova, T.,
Gintov, O., Sosson, M., Sheremet-Korniyenko, Y., 2014. Preliminary
study of Cretaceous normal faulting in western Crimea. In: Abstract,
Final Symposium of Darius Programme, December 8– 2014, Paris, pp.
66–67.
Khain, V.Y., 1974. Structure and main stages in the tectono-magmatic
development of the Caucasus: an attempt at geodynamic interpreta-
tion. Am. J. Sci. 274, 16–23.
Khriachtchevskaia, O., Stovba, S., Stephenson, R., 2010. Cretaceous-Neo-
gene tectonic evolution of the northern margin of the Black Sea from
seismic reﬂection data and tectonic subsidence analysis. In: Sosson,
M., Kaymakci, N., Stephenson, R., Bergerat, F., Starostenko, V. (Eds.),
Sedimentary Basin Tectonics from the Black Sea and Caucasus to the015-1228-5).
Lefe
Lei, 
Leto
Lord
Mei
Mei
Mos
Niki
Niki
Niki
Niki
Oka
Oka
Oka
Rob
Rob
Roll
Roll
Roll
M. Sosson et al. / C. R. Geoscience 348 (2016) 23–32 31Arabian Platform. Geol. Soc. London, Spec. Publ. 340, 137–157 (http://
doi:144/SP340.8).
bvre, C., Meijers, M.J.M., Kaymakci, N., Peynircioglu, A., Langereis, C.G.,
Van Hinsbergen, D.J.J., 2013. Reconstructing the geometry of central
Anatolia during the Late Cretaceous: large-scale Cenozoic rotations
and deformation between the Pontides and Taurides: Earth Planet.
Sci. Lett. 366, 83–98, http://dx.doi.org/10.1016/j.epsl.2013.01.003.
J., Zhao, D., 2007. Teleseismic evidence for a break off subducting slab
under Eastern Turkey. Earth Planet. Sci. Lett. 257, 14–28.
uzey, J., Biju-Duval, B., Dorkel, A., Gonnard, R., Kritchev, K., Montadert,
L., Sungurlu, O., 1977. The Black Sea: a marginal basin; geophysical
and geological data. In: Biju-Duval, B., Montadert, L. (Eds.), Interna-
tional Symposium on the Structural History of the Mediterranean
Basins. Technip, Paris, pp. 363–376.
kipanidze, M.B., Meliksetian, B., Djarbashian, R., 1989. Mesozoic-
Cenozoic magmatic evolution of the Pontian–Crimean–Caucasian
region. In: Raku´s, M., Dercourt, J., Nairn, A.E.M. (Eds.), IGCP Project
No. 198: Evolution of the northern Margin of Tethys. Mem. Soc. geol.
France 154, 103–124.
jers, M.J.M., Vrouwe, B., van Hinsbergen, D.J.J., Kuiper, K.F., Wijbrans,
J., Davies, G.R., Stephenson, R.A., Kaymakci, N., Matenco, L., Saintot, A.,
2010. Jurassic arc volcanism on Crimea (Ukraine): implications for the
paleo-subduction zone conﬁguration of the Black Sea region. Lithos
119, 412–426, http://dx.doi.org/10.1016/j.lithos.2010.07.017.
jers, M.J.M., Smith, B., Kirscher, U., Mensink, M., Sosson, M., Rolland, Y.,
Grigoryan, A., Sahakyan, L., Avagyan, A., Langereis, C., Mu¨ller, C., 2015.
A paleolatitude reconstruction of the South Armenian Block (Lesser
Caucasus) for the Late Cretaceous: constraints on the Tethyan realm.
Tectonophysic 644–645, 197–219.
ar, J., Kangarli, T., et al., 2010. Cenozoic–Recent tectonics and uplift in
the Greater Caucasus: a perspective from Azerbaijan. In: Sosson, M.,
Kaymakci, N., Stephenson, R.A., Bergerat, F., Starostenko, V. (Eds.),
Sedimentary Basin Tectonics from the Black Sea and Caucasus to the
Arabian Platform. Geol. Soc. London, Spec. Publ. 340, 261–279.
shin, A.M., Cloetingh, S., Brunet, M.-F., Stephenson, R.A., Bolotov, N.,
Ershov, A., 1998. Scythian Platform, Caucasus and Black Sea region:
Mesozoic–Cenozoic tectonic history and dynamics. In: Crasquin-
Soleau, S., Barrier, E. (Eds.), Peri-Tethys Memoir 3: Stratigraphy
and Evolution of Peri-Tethyan Platforms. Me´m. Muse´um national
d’Histoire naturelle, Paris, pp. 163–176.
shin, A.M., Ershov, A.V., Nikishin, V.A., 2010. Geological history of
Western Caucasus and adjacent foredeeps based on analysis of the
regional balanced section. Doklady Earth Sci. 430, 155–157.
shin, A.M., Khotylev, A.O., Bychkov, A.Yu., Kopaevich, L.F., Petrov, E.I.,
Yapaskurt, V.O., 2013. Cretaceous volcanic belts and the Black Sea
Basin history. Mosc. Univ. Geol. Bull. 68 (3), 141–154, http://
dx.doi.org/10.3103/S0145875213030058.
shin, A.M., Okay, A.I., Tu¨ysu¨z, O., Demirer, A., Amelin, N., Petrov, E.,
2015. The Black Sea basins structure and history: new model based on
new deep penetration regional seismic data. Part 1: basins structure
and ﬁll. Mar. Pet. Geol. 59, 638–655, http://dx.doi.org/10.1016/j.mar-
petgeo.2014.08.017.
y, A.I., Sengo¨r, A.M.C., Go¨ru¨r, N., 1994. Kinematic history of the
opening of the Black Sea and its effect on the surrounding regions.
Geology 22, 267–270.
y, A.I., Sunal, G., Sherlock, S., Altıner, D., Tu¨ysu¨z, O., Kylander-Clark,
A.R.C., Aygu¨l, M., 2013. Early Cretaceous sedimentation and orogeny
on the active margin of Eurasia: southern Central Pontides, Turkey.
Tectonics 32, 1247–1271.
y, A.I., Nikishin, A.M., 2015. Tectonic evolution of the southern margin
of Laurasia in the Black Sea region. Int. Geol. Rev. 57 (5–8), 1051–
1076, http://dx.doi.org/10.1080/00206814.2015.1010609.
ertson, A., Parlak, O., Ustao¨mer, T., Taslı, K., I˙nan, N., Dumitrica, P.,
Karaog˘lan, F., 2014. Subduction, ophiolite genesis and collision his-
tory of Tethys adjacent to the Eurasian continental margin: new
evidence from the eastern Pontides, Turkey. Geodinamica Acta 26,
230–293.
inson, A., Rudat, J.H., Banks, C.J., Wiles, R.L.F., 1996. Petroleum geology
of the Black Sea. Mar. Pet. Geol. 13, 195–223.
and, Y., Billo, S., Corsini, M., Sosson, M., Galoyan, G., 2009a. Blueschists
of the Amassia-Stepanavan Suture Zone (Armenia): linking Tethys
subduction history from E-Turkey to W-Iran. Int. J. Earth Sci. 98, 533–
550.
and, Y., Galoyan, G., Bosch, D., Sosson, M., Corsini, M., Fornari, M.,
Verati, C., 2009b. Jurassic back-arc and Cretaceous hot spot series in
the Armenian ophiolites – implications for the obduction process.
Lithos 112, 163–187.
and, Y., Galoyan, G., Sosson, M., Melkonian, R., Avagyan, A., 2010. The
Armenian ophiolite: insights for Jurassic back-arc formation, Lower
Cretaceous hot spot magmatism and Upper Cretaceous obduction
over the South Armenian Block. Geol. Soc. London, Spec. Publ. 340,
353–382.
Rolland, Y., Perincek, D., Kaymakci, N., Sosson, M., Barrier, E., Avagyan, A.,
2012. Evidence for 80–75 Ma subduction jump during Anatolide–
Tauride–Armenian block accretion and 48 Ma Arabia–Eurasia
collision in Lesser Caucasus–East Anatolia. J. Geodynamics 56,
76–85.
Ross, D.A., Uchupi, E., Prada, K.E., MacIIvaine, J.C., 1974. Bathymetry and
microtopography of Black Sea. In: Ross, D.A., Egens, D.T. (Eds.), The
Black Sea – Geology, Chemistry and Biology. Am. Assoc. Pet. Geol.,
Mem. 20, 1–10.
Saintot, A., Angelier, J., 2002. Tectonic paleostress ﬁelds and structural
evolution of the NW-Caucasus fold-and-thrust belt from Late Creta-
ceous to Quaternary. Tectonophysics 357, 1–31.
Saintot, A., Stephenson, R.A., Stovba, S., Brunet, M.-F., Yegorova, T., Sta-
rostenko, V., 2006. The evolution of the southern margin of eastern
Europe (Eastern European and Scythian platforms) from the Latest
Precambrian–Early Palaeozoic to the Early Cretaceous. In: Gee, D.,
Stephenson, R.A. (Eds.), European Lithosphere Dynamics. Geol. Soc.,
London Mem. 481–505 .
Sengo¨r, A.M.C., O¨zeren, S., Genc¸, T., Zor, E., 2003. East Anatolian high
plateau as a mantle-supported, north-south shortened domal struc-
ture. Geophys. Res. Lett. 30 (24), 8045, http://dx.doi.org/10.1029/
2003GL017858.
Sheremet, Y., Sosson, M., Gintov, O., Muller, C., Yegorova, T., Murovskaya,
A., 2014. Key problems of stratigraphy of Crimean Mountains. New
micropaleontological data on ﬂysch rocks. Geophys. J. 36 (2), 35–56
(in Russian).
Sheremet, Y., Sosson, M., Gintov, O., Muller, C., Yegorova, T., Murovskaya,
A., 2015. Key problems of stratigraphy in the Eastern Crimea Penin-
sula, some insights from new dating and structural data. In: Sosson,
M., Stephenson, R.A., Adamia, S.A. (Eds.), Tectonic Evolution of the
Eastern Black Sea and Caucasus. Geol. Soc. London, Spec. Publ. 428, (In
print).
Sosson, M., Rolland, Y., Danelian, T., Muller, C., Melkonyan, R., Adamia, S.,
Kangarli, T., Avagyan, A., Galoyan, G., 2010. Subductions, obduction
and collision in the Lesser Caucasus (Armenia Azerbaijan, Georgia),
new insights. In: Sosson, M., Kaymakci, N., Stephenson, R.F., Bergerat,
F., Starostenko, V. (Eds.), Sedimentary Basin Tectonics from the Black
Sea and Caucasus to the Arabian Platform. Geol. Soc. London, Spec.
Publ. 340, 329–352.
Spadini, G., Robinson, A., Cloeting, S., 1996. Western v. eastern Black Sea
tectonic evolution: pre-rift lithosphere controls on basin formation.
Tectonophysics 266, 139–154.
Spakman, W., 1991. Delay-time tomography of the upper mantle
below Europe, the Mediterranean, and Asia minor. Geophys. J. Int.
107, 309–332.
Stampﬂi, G.M., Borel, G.D., Cavazza, W., Mosar, J., Ziegler, P.A., 2001.
Palaeotectonic and palaeogeographic evolution of the western Tethys
and Peri-Tethyan domain (IGCP Project 369). Episodes 24,
222–228.
Starostenko, V., Buryanov, V., Makarenkoa, I., Rusakova, O., Stephensonb,
R., Nikishinc, A., Georgievd, G., Gerasimove, M., Dimitriuf, R., Legos-
taevaa, O., Pchelarovg, V., Sava, C., 2004. Topography of the crust-
mantle boundary beneath the Black Sea Basin. Tectonophysics 381,
211–233.
Stephenson, R.A., Schellart, W., 2010. The Black Sea back-arc basin:
insights to its origin from geodynamic models of modern analogues.
In: Sosson, M., Kaymakci, N., Stephenson, R.A., Bergerat, F., Staros-
tenko, V. (Eds.), Sedimentary Basin Tectonics from the Black Sea and
Caucasus to the Arabian Platform. Geol. Soc. London, Spec. Publ. 340,
11–21.
Stovba, S.M., Khriachtchevskaia, O.I., Popadyuk, I.V., 2013. Crimea and
Ukrainian Eastern Black Sea Basin as an inverted Early Cretaceous rift
system. In: Abstracts of Darius Programme, Eastern Black Sea–Cau-
casus Workshop, 24–25 June, 2013, Tbilisi, Georgia.
Topuz, G., C¸elik, O¨.F., S¸engo¨r, A.M.C., Altıntas¸ , I˙.E., Zack, T., Rolland, Y.,
Barth, M., 2013a. Jurassic ophiolite formation and emplacement as
backstop to a subduction-accretion complex in Northeast Turkey, the
Refahiye ophiolite, and relation to the Balkan ophiolites. Am. J. Sci.
313, 1054–1087.
Topuz, G., Go¨c¸mengil, G., Rolland, Y., C¸elik, O¨.F., Zack, T., Schmitt, A.K.,
2013b. Jurassic accretionary complex and ophiolite from Northeast
Turkey: no evidence for the Cimmerian continental ribbon. Geology
41, 255–258.
Thorkelson, D.J., 1996. Subduction of diverging plates and the principles
of slab window formation. Tectonophysics 225, 47–63.
Vincent, S.J., et al., 2005. Insights from the Talysh of Azerbaijan into the
Paleogene evolution of the South Caspian region. GSA Bull. 117 (11/
12), 1513–1533, http://dx.doi.org/10.1130/B25690.1.
M. Sosson et al. / C. R. Geoscience 348 (2016) 23–3232Yegorova, T., Gobarenko, 2010. Structure of the Earth’s crust and
upper mantle of the West- and East-Black Sea Basins revealed from
geophysical data and its tectonic implications. In: Sosson, M., Kay-
makci, N., Stephenson, R.A., Bergerat, F., Starostenko, V. (Eds.),
Sedimentary Basin Tectonics from the Black Sea and Caucasus to
the Arabian Platform. Geol. Soc. of London, Spec. Publ. 340, 23–42,
http://dx.doi.org/10.1144/SP340.3.
Zonenshain, L.P., Le Pichon, X., 1986. Deep basins of the Black Sea and
Caspian Sea as remnants of Mesozoic back-arc basins. Tectonophysics
123, 181–211.
Zor, E., 2008. Tomographic evidence of slab detachment beneath eastern
Turkey and the Caucasus Geophys. J. Int. 175, 1273–1282, http://
dx.doi.org/10.1111/j.1365-246X.2008.03946.x.
